Abstract Monogeneans (Platyhelminthes) mostly parasitize on fins, skin and gills of fishes.
Introduction
Monogeneans (Platyhelminthes) are ectoparasites on body and gills of freshwater and marine fish, and exhibit high hostspecificity (Rhode 1984; Whittington et al. 2000) and are sometimes hyperparasitic (Kabata 1973) . They cause serious problems in fish aquaculture worldwide (Rhode 1984; Hayward et al. 2001; Park 2009 ). Aquaculture in Korea is flourishing with the development of advanced aquaculture scientific technology for important marine finfish such as, olive flounder Paralichthys olivaceus (Temminck and Schlegel, 1846) , Korean rockfish Sebastes schlegelii Hilgendorf, 1880, red seabream Pagrus major (Temminck and Schlegel, 1843) , blackhead seabream Acanthopagrus schlegelii schlegelii (Bleeker, 1854) , and flathead grey mullet, Mugil cephalus Linnaeus, 1758 (Kim 2000) . However, in recent years, production losses are increased due to infections by various diseases (Park 2009 ) and the information on monogenean infection in fish aquaculture is scarce.
Recently, blackhead and red seabreams (Sparidae) culture attracted considerable attention as a result of severe problems affecting the culture of yellowtail (Kim 2000; MOMAF 2007) . Considering its ongoing and future potential importance, we thoroughly checked the presence of metazoan parasites on seabream (Venmathi Maran et al. 2012a) , black scraper and rockfish (Venmathi Maran et al. 2012b) at Tongyeong marine living resources research and conservation center (TMRC), Korea. At TMRC, several commercially important fishes are ranched under the marine ranching program by the Korea Institute of Ocean Science and Technology (KIOST) from 1998 (MOMAF 2007) . Nearby TMRC aquaculture facilities, through fishing, the grass puffer Takifugu niphobles (Jordan and Snyder, 1901) (Tetraodontidae) was captured.
Despite an increasing threat of parasites in aquaculture, information on parasites and diseases are largely lacking from farmed fishes in Korea. Hayward et al. (2001) reported spread of a monogenean Neoheterobothrium hirame Ogawa, 1999 to Korea from its neighbouring country. It is considered as a serious pest for olive flounder aquaculture in Japan as well in Korea (Hayward et al. 2001) . In relation to that we predict our reported monogeneans might have been spread from outside or not studied in detail in Korea. Hence, to bridge the gap in research on this group, we report the infection of monogeneans on some of the important marine fishes which are considered as a first report from Korea.
Materials and methods
Monogeneans were obtained from the body surface, gills and fins of ranched fish A. schlegelii schlegelii and P. major at TMRC (Fig. 1) . The toxic puffer T. niphobles was captured by fishing gear near TMRC, Gyeongsangnamdo, Korea (Table 1) . The monogeneans were removed using fine forceps from the fins of the above fish host under a dissecting microscope and preserved in 70 % ethanol. To prevent the loss of mobile and temporary ectoparasites, some fish were preserved immediately after capture. Some fresh fish were analysed to get the live monogeneans. The external surfaces of skin and fins were examined for attached parasites. The isthmus was then incised to open the operculum and expose the gills, and the surfaces of the gills and inner walls of the operculum were examined grossly for infections with large, adult worms. To detect small and immature parasites, the gills were then dissected out and separated into the 4 arches and examined in Petri dishes. All sediments (scales, mucous and dissection debris) settling in solutions were also retained and checked for any detached parasites under the microscope.
Worm identification was confirmed by mounting specimens on slides in drops of ammonium picrate glycerine under coverslips, and examining hard parts using light microscopy; Selected specimens were stained in Semichon's acetocarmine (Humason 1979) , and mounted in Canada balsam after dehydration in a graded ethanol series and clearing in methyl salicylate. Copepod (monogenean attached) was identified directly under a dissecting microscope. Specimens were measured intact using an ocular micrometer. Since, all reported monogeneans were described in Japan and elsewhere, we did document them other than by photomicrographs. The common and scientific names of host fishes follow FishBase (Froese and Pauly 2012) . Voucher specimens are deposited at the Marine Biodiversity Institute of Korea (MABIK), Seocheon, Korea. Vitelline follicles distributed between both sides of body from copulatory organ level to that of posterior end of intestine.
Results and discussion

Class
Remarks
Anoplodiscus spari was identified based on Yamaguti (1958) and Ogawa and Egusa (1981) . Originally, it was reported as Pseudomicrobothrium spari by Yamaguti (1958) collected from Sparus macrocephalus (=Acantho-pagrus schlegelii schlegelii) in Japan. However, Ogawa and Egusa (1981) found the same monogeneans from the fins of A. schlegelii schlegelii and after examined the type specimens, they concurred that the specimens mentioned by Yamaguti (1958) belonged to the genus Anoplodiscus and denoted as A. spari, since it followed all the characteristic features of P. spari and redescribed in detail. It bears a superficial resemblance to members of the family Microbothriidae Price, 1936, but members of this family differ from the species of Anoplodiscus in the structures of intestine and prohaptor. Currently, the genus Anoplodiscus consists of six nominal species, such as: Anoplodiscus australis (Johnston 1930), A. cirruspiralis Roubal et al. (1983) , A. longivaginatus Paraguassú et al. (2002 , A. richiardi (Sonsino 1890 , A. spari (Yamaguti 1958) , and A. tai Ogawa 1994. All six species were collected from marine fishes of Sparidae.
Most of A. schlegelii schlegelii hosts were found infected with A. spari on the fins and body surface, but not found from gills. So far, there is no report on this monogenean in Korea, and is considered as a first report of occurrence. 
Anoplodiscus tai was identified based on the description and illustration of Ogawa (1994) . It closely resembles with two species such as A. richiardii and A. cirruspidalis by a considerable smaller body size and a larger cirrus accessory piece. However, both characters are opposite for its congeners (Monticelli 1905; Roubal et al. 1992 ). The present species was first identified from Japan from the fins of the same sparid host P. major (Ogawa 1994 (Roubal et al. 1992 ). According to Ogawa (1994) , 5-year-old fish of P. major were rejected in the market because of the presence of A. tai infection on the fins. Japan (Ogawa 1994) and currently from Korea (Table 1) . 
Benedenia sekii was identified based on Whittington et al. (2001) and Yamaguti (1937) . It can be distinguished from other species by a combination of the following characters: broad body; tiny anterior and posterior hamuli relative to accessory sclerites; all median sclerites located posteriorly on haptor; details of marginal valve; long thin penis; and close proximity of common genital pore and vaginal pore. It was originally identified by Yamaguti (1937) from the body surface of P. major collected from Otyo, the Seto Inland Sea, Hiroshima Prefecture, Japan. After that, it was misidentified from Australia (Roubal et al. 1983 ) and New Zealand (Sharples and Evans 1995) . Both have reported with considerable differences between the Japanese material and their own materials collected from S. aurata (=Pagrus auratus; Chrysophrys auratus) ( Table 1 ). The main differences are larger specimens, accessory sclerites are larger and slight differences in the shape of the anterior hamuli in the Japanese specimens. In the recent revision of Benedenia by Whittington et al. (2001) , it was concurred that the species collected by Roubal et al. (1983) and by Sharples and Evans (1995) as B. sekii. According to Whittington and Deveney (2011) , there are 27 species under the genus Benedenia. Sparus aurata is widely distributed in the Eastern Atlantic: British Isles, Strait of Gibraltar to Cape Verde and around the Canary Islands. Also in the Mediterranean, New Zealand and Australia. However, the type host P. major is distributed in the Northwest Pacific: northeastern part of South China Sea (Philippines excluded) northward to Japan (Froese and Pauly 2012 ). It appears, therefore, that the Japanese, Australian and New Zealand material of B. sekii was found on the hosts (P. major and S. aurata) belong to the same family Sparidae.
Distribution
The Seto Inland Sea, Japan (Yamaguti 1937) ; New South Wales; Gulf of St. Vincent and Wallaroo, South Australia (Roubal et al. 1983 ); Port Hacking, New South Wales, Australia (Roubal et al. 1996) ; Kawau Bay, northern New Zealand (Roubal et al. 1983 ); north-eastern New Zealand (Sharples and Evans 1995) , currently from Korea (Table 1) . 
Diagnostic features
Body 5.9-6.3 mm long, pointed anteriorly. Pedicels having equal angle with each other; consisting a branch of intestine and a portion of vitellarium. Oesophagus short. Two intestinal trunks with long lateral branches outward, and connected with each other by cross units; which joined at posteriorly, forming loop-like structure, with four pairs of branched clamps, long, each penetrating into pedicel. Common genital opening. Penis bearing eight hooks. Ovary occupying posterior end, long, cylindrical, bending on itself forming double V. Oviduct arising from front end of larger half of ovary. Oviduct proceeding backwards, and approaching posterior end of body bends towards right, and continued into ootype, positioned on right side of body nearby trunk of intestine. Vitellaria distinct on both sides. Paired yolk-ducts slightly asymmetrical; ducts directed obliquely across long axis of body, and uniting each other on same level as front end of smaller half of ovary. Unpaired yolk-duct on itself and proceeds toward right side, and finally opens into intestine. Testes numerous, small, extending from behind ootype of pedicels of foremost pair of suckers.
Remarks
Choricotyle elongata was identified based on Goto (1894) and Yamaguti (1938) . It was originally described by Goto (1894) . Choricotyle elongata was collected from the oral cavity of yellowback seabream Evynnis tumifrons Temminck and Schlegel, 1843 (=Chrysophrys tumifrons) and S. aurata. Later, it was reported by Yamaguti (1938) , and also accidentally it was found from the mouth cavity of isopod Cymothoa or Meinertia (Goto 1894; Llewellyn 1941) . According to Yamaguti (1963) , severe infection of C. elongata (=Diclidophora elongata) caused injuries on the fingerlings of P. major at Nagasaki Prefecture, Japan. This is the first report on the infection of C. elongata from Korea. There are 22 nominal species on the genus Choricotyle (Gibson and Bray 2012) .
Distribution
Japan (Goto 1894; Yamaguti 1938 Yamaguti , 1963 and currently from Korea (Table 1) . Odhner, 1912 Order Gyrodactylidea Bychoswky, 1937 Family Udonellidae Taschenberg, 1879 Genus Udonella Johnston, 1835 Udonella fugu Freeman and Ogawa 2010 (Fig. 6a, b) Synonyms: Udonella caligorum Johnston, 1835: Yamaguti (1958, p. 53) . Udonella fugu Freeman and Ogawa 2010, p. 255; Okawachi et al. (2012, p. 181 ).
Material examined 6 specimens, (3 individuals, MABIK IV00141930) ex body of 2 Pseudocaligus fugu (Copepoda: Caligidae) infecting T. niphobles, 20 September, 2012. 
Remarks
Udonella fugu was identified based on Freeman and Ogawa (2010) . Twelve T. niphobles were collected using fishing gears and observed that 15 copepods of Pseudocaligus fugu Yamaguti, 1936 (12 females and 3 males) were infected on the skin. Off which, 10 females were found with the infection of U. fugu (Fig. 6b) . Three copepods were found with the attachment of eggs in high number around the urosome (Fig. 6c) . The genus Udonella is considered as a unique monogenean, because of its hyperparasitism on the body surface of parasitic crustaceans such as caligiform copepods and branchiurans on the skin of marine fish host (Carvajal and Sepúlveda 2002; Kearn 2004; Freeman and Ogawa 2010) . It feeds on host mucus and epithelium, attaching themselves on the crustacean hosts (Freeman 2005) . At present, there are seven recognized species of Udonella such as U. australis Carvajal and Sepúlveda 2002, U. caligorum Johnston, 1835, U. murmanica Kornakova and Timofeeva 1981, U. myliobati (Guberlet, 1936) , U. ophiodontis Kay, 1945, U. papillifera Van der Land, 1967 and U. fugu Freeman and Ogawa 2010 (Freeman and Ogawa 2010 . Yamaguti (1958) reported U. caligorum on P. fugu, however, recently it was newly described as U. fugu, after understanding through molecular and phylogenetic aspects that it completely deviated from U. caligorum (Freeman and Ogawa 2010) . It was collected from the same caligid copepod infecting T. niphobles and the tiger puffer T. rubripes (Temminck and Schlegel, 1850) from Shizouka and Oita Prefectures, Japan. Further, the authors inferred that this monogenean is pathogenic to puffer. Recently, we reported the ecology of U. fugu from P. fugu occurring in Japanese waters (Okawachi et al. 2012) and revealed that prevalence and intensity of monogenean showed a high correlation with copepod infection. Even though, the copepod P. fugu bears the toxin known as tetrodotoxin (TTX) (Venmathi Maran et al. 2007; Venmathi Maran et al. 2011) , the prevalence of U. fugu was high (Okawachi et al. 2012 ). (Yamaguti 1958; Freeman and Ogawa 2010; Okawachi et al. 2012 ) and currently from Korea (Table 1) .
